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(54) Thin film transistor for OLED and method of manufacturing the same

(57) A thin film transistor and a method of manufac-
turing the same are disclosed. More specifically, there
is provided a thin film transistor having a thin film tran-
sistor and a method of manufacturing the same wherein
an inorganic layer and an organic planarization layer are
sequentially formed on the surface of a substrate on
source/drain electrode of a thin film transistor having a
semiconductor layer, a gate, source/drain areas and the
source/drain electrodes, and a blanket etching process
is performed to the organic planarization layer to
planarize the inorganic layer. After forming a photoresist

pattern on the inorganic layer, an etching process is per-
formed to form a hole coupling a pixel electrode with one
of the source/drain electrodes. According to the manu-
facturing method, the hole may be formed using one
mask, thereby simplifying a manufacturing process, and
improving an adhesion with the pixel electrode by the
inorganic layer formed above. This thin film transistor
may be appropriately applied to the active matrix organ-
ic electro luminescence display.
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Description

[0001] This application claims priority to and the ben-
efit of Korean Patent Application No. 2003-84246, filed
November 25, 2003, which is hereby incorporated by
reference for all purposes as if fully set forth herein.

Background of the Invention

Field of the Invention

[0002] The present invention relates to a thin film tran-
sistor and method of manufacturing the same wherein,
an inorganic layer planarized by an organic planariza-
tion layer is applied to reduce the number of masks nec-
essary for forming a contact hole.

Discussion of the Related Art

[0003] Generally, among flat panel displays, an or-
ganic light-emitting display (OLED) has a bigger oper-
ating temperature range, superior shock resistance and
vibration immunities, a faster response time, and a wider
viewing angle, thus it is capable of providing a clearer
moving picture. Consequently, the OLED is attracting at-
tention as a next generation flat panel display.
[0004] An OLED generates light by electrons and
holes combining to form electron-hole pairs in the sem-
iconductor or carriers that may be exited to a higher en-
ergy level and drop to a ground level or stable state.
[0005] Depending on a driving method, OLEDs are ei-
ther passive matrix (PM) or active matrix (AM) types.
PMOLEDs have a separate driving source, and
AMOLEDs utilize thin film transistors (TFT) as switching
devices.
[0006] FIG. 1 is a cross-sectional view of a conven-
tional AM organic electroluminescence (EL) display. In
the method for manufacturing the organic EL display
having the above structure, a TFT having a buffer layer
(not shown), a semiconductor layer 11, source/drain ar-
eas 14-1, 14-2, a gate insulating layer 12, a gate elec-
trode 13, an interlayer insulating layer 15, via holes 16-1,
16-2, and source/drain electrodes 17-1, 17-2 are formed
on a substrate 10 by a set of semiconductor manufac-
turing processes.
[0007] Next, an inorganic layer 18-1, preferably, a sil-
icon nitride layer, is deposited on the substrate 10 over
the TFT as a passivation layer 18 to cover the source/
drain electrodes 17-1, 17-2. After forming a photoresist
pattern on the inorganic layer 18-1, a contact hole or a
via hole 19-1, which exposes the source/drain electrode
17-2, is formed by an etching process using the pho-
toresist pattern as a mask. The photoresist pattern is
then removed by an oxygen plasma process, photore-
sist strip process, or other similar process.
[0008] Next, after forming a photosensitive type or
etching type organic planarization layer 18-2 on the con-
tact hole or via hole 19-1 and forming a photoresist pat-

tern, another mask etching process is performed to the
photoresist pattern, thereby forming the contact hole or
via hole 19 in the organic planarization layer 18-2.
[0009] Next, after forming a conductive material on
the entire surface of the substrate 10, a typical photoli-
thography process is performed along with exposure,
developing and etching processes, thereby forming the
pixel electrode 20, which is coupled to the source/drain
electrode 17-2 by the contact hole or via hole 19.
[0010] A planarization layer 21 is then formed on the
entire surface of the substrate 10 to cover the pixel elec-
trode 20, and an opening 22 is formed to expose the
pixel electrode 20.
[0011] Finally, an AM organic EL display is manufac-
tured by forming an organic layer (not shown) and an
upper electrode (not shown) on the pixel electrode 20.
[0012] In this case, the contact hole or via hole 19 is
formed by two etching processes using the inorganic
layer 18-1 and the organic planarization layer 18-2.
However, forming the contact hole or via hole 19 using
two or more etching processes and at least two masks
complicates the manufacturing process.
[0013] FIG. 2A, FIG. 2B, and FIG. 2C are scanning
electron microscope (SEM) photographs showing a
cross section of a TFT manufactured using the above
process having the above structure.
[0014] FIG. 2Ashows an inorganic layer 18-1 depos-
ited on one of the source/drain electrodes 17-1, 17-2,
and an organic planarization layer 18-2 deposited ther-
eon. FIG. 2B shows that the contact hole or the via hole
19 has a step caused by the inorganic layer 18-1 and
the organic planarization layer 18-2. FIG. 2C shows that
delamination (dark portion) and cracks may occur be-
tween the organic planarization layer 18-2 and the pixel
electrode 20. Delamination may be caused by a poor
adhesion between the organic planarization layer 18-2
and the pixel electrode 20, which may allow impurities
and moisture to penetrate the device.

Summary of the Invention

[0015] The present invention provides a thin film tran-
sistor with improved adhesion between a passivation
layer, which is formed on source/drain electrodes, and
a pixel electrode.
[0016] The present invention also provides a thin film
transistor with an increased lifespan.
[0017] The present invention also provides a thin film
transistor including an inorganic layer formed between
source/drain electrodes and a pixel electrode.
[0018] The present invention also provides a thin film
transistor using less masks to form a contact hole or via
hole connecting the pixel electrode with a source/drain
electrode.
[0019] Additional features of the invention will be set
forth in the description which follows, and in part will be
apparent from the description, or may be learned by
practice of the invention.
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[0020] The present invention discloses a thin film tran-
sistor comprising: a semiconductor layer formed on a
substrate; a gate insulating layer formed on the sub-
strate having the semiconductor layer; a gate electrode
formed on the gate insulating layer over the semicon-
ductor layer; source/drain areas formed in the semicon-
ductor layer of both sides of the gate; an interlayer in-
sulating layer formed on an entire surface of the sub-
strate and having a contact hole/via hole that exposes
source/drain electrodes; the source/drain electrodes
formed on the interlayer insulating layer and contacting
with the source/drain areas through the contact hole/via
hole; and a passivation layer formed between a pixel
electrode and the interlayer insulating layer wherein a
top of the inorganic layer is exposed on the entire sur-
face of the substrate to directly contact with the pixel
electrode, and an organic planarization layer is located
on some of the inorganic layer area that does not contact
with the pixel electrode.
[0021] The present invention also discloses a thin film
transistor comprising: a semiconductor layer formed on
a substrate; a gate insulating layer formed on the sub-
strate having the semiconductor layer; a gate electrode
formed on the gate insulating layer over the semicon-
ductor layer; source/drain areas formed in the semicon-
ductor layer of both sides of the gate; an interlayer in-
sulating layer formed on an entire surface of the sub-
strate and having a contact hole/via hole that exposes
source/drain electrodes; source/drain electrodes
formed on the interlayer insulating layer and contacting
with the source/drain areas through the contact hole/via
hole; a pixel electrode formed on the substrate and the
source/drain areas and contacting with the source/drain
electrodes; a passivation layer formed between the pixel
electrode and the interlayer insulating layer and having
a contact hole or a via hole that exposes one of the
source/drain electrodes, wherein in the passivation lay-
er, a top of the inorganic layer is exposed on the entire
surface of the substrate to directly contact with the pixel
electrode, and an organic planarization layer is located
on an area of the inorganic layer that does not contact
with the pixel electrode; and a planarization layer formed
on the entire surface of the substrate and having an
opening where the pixel electrode is exposed.
[0022] The present invention also discloses a method
of manufacturing a thin film transistor, comprising: form-
ing a semiconductor layer on a substrate; forming a gate
insulating layer on the substrate having the semicon-
ductor layer; forming a gate on the gate insulating layer
on the semiconductor layer; ion-implanting impurities in-
to the semiconductor layer to form source/drain areas
in the semiconductor layer of both sides of the gate;
forming an interlayer insulating layer on the entire sur-
face of the substrate; etching a selected area of the in-
terlayer insulating layer to form a contact hole/via hole
that exposes the source/drain areas; forming source/
drain electrodes that contact with the source/drain areas
through the contact hole/via hole formed on the interlay-

er insulating layer; sequentially forming an inorganic lay-
er and an organic planarization layer as a passivation
layer on the entire surface of the substrate; blanket etch-
ing the organic planarization layer to expose a top of the
inorganic layer; and etching a selected area of the inor-
ganic layer to form a contact hole or a via hole that ex-
poses one of the source/drain electrodes.
[0023] The present invention also discloses a method
of planarizing a thin film transistor, comprising: arrang-
ing a thin film transistor having a semiconductor layer,
a gate, source/drain areas and source/drain electrodes;
forming an inorganic layer and an organic planarization
layer on an entire surface of a substrate to cover the
source/drain electrodes; and blanket etching the organ-
ic planarization layer until a top of the inorganic layer is
exposed.
[0024] It is to be understood that both the foregoing
general description and the following detailed descrip-
tion are exemplary and explanatory and are intended to
provide further explanation of the invention as claimed.

Brief Description of the Drawings

[0025] The accompanying drawings, which are in-
cluded to provide a further understanding of the inven-
tion and are incorporated in and constitute a part of this
specification, illustrate embodiments of the invention
and together with the description serve to explain the
principles of the invention.
[0026] FIG. 1 is a cross-sectional view of a conven-
tional active matrix (AM) organic electroluminescence
(EL) display.
[0027] FIG. 2A, FIG. 2B, and FIG. 2C are scanning
electron microscope (SEM) photographs showing a
cross section of a thin film transistor (TFT) of an AM or-
ganic EL display.
[0028] FIG. 3 is a cross-sectional view of an AM or-
ganic EL display having a thin film transistor according
to an exemplary embodiment of the present invention.
[0029] FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D, and FIG.
4E are cross-sectional views illustrating a method for
manufacturing an AM organic EL display having a thin
film transistor according to an exemplary embodiment
of the present invention.
[0030] FIG. 5 is a SEM photograph showing a cross
section of a thin film transistor of an AM organic EL dis-
play.

DETAILED DESCRIPTION OF THE ILLUSTRATED
EMBODIMENTS

[0031] The present invention will now be described
more fully hereinafter with reference to the accompany-
ing drawings, in which preferred embodiments of the in-
vention are shown.
This invention may, however, be embodied in different
forms and should not be construed as limited to the em-
bodiments set forth herein. Rather, these embodiments
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are provided so that this disclosure will be thorough and
complete, and will fully convey the scope of the invention
to those skilled in the art. In the drawings, the thickness
of layers and regions are exaggerated for clarity. Like
numbers refer to like elements throughout the specifi-
cation. Forming something "on" something else does
not require actual physical contact.
[0032] FIG. 3 is a cross-sectional view of an AM or-
ganic EL display having a thin film transistor according
to an exemplary embodiment of the present invention,
and FIG. 4A, FIG. 4B, FIG. 4C, FIG. 4D, and FIG. 4E
are cross-sectional views of the area 'A' of FIG. 3for
showing a method for manufacturing the EL display de-
vice, where F comprises an underlying structure below
the source/drain electrodes. FIG. 5 is a SEM photograph
showing the 'A' area of FIG. 3.
[0033] Referring to FIG. 3, a polysilicon layer is
formed by a conventional process on a transparent in-
sulating substrate 50, such as a glass substrate or plas-
tic, and is patterned to form a semiconductor layer 51
having an island shape.
[0034] A gate insulating layer 52 is formed on the
semiconductor layer 51. A gate metal layer is deposited
and patterned on the gate insulating layer 52 to form a
gate electrode 53.
[0035] Next, an n-type or a p-type impurity is ion-im-
planted into the semiconductor layer 51 to form source/
drain areas 54-1, 54-2 in the semiconductor layer 51.
An interlayer insulating layer 55 is formed on the gate
insulating layer 52 and the gate electrode 53.
[0036] Next, a photoresist pattern (PR) is formed on
the interlayer insulating layer 55, and using the photore-
sist pattern as a mask, contact holes or via holes 56-1,
56-2 are formed by etching selected areas, thereby ex-
posing the source/drain areas 54-1, 54-2.
[0037] Next, source/drain electrodes 57-1, 57-2 are
formed by depositing and patterning a metal material on
the interlayer insulating layer 55 and the contact holes/
via holes 56-1, 56-2. The source/drain electrodes 57-1,
57-2 are coupled to the source/drain areas 54-1, 54-2
through the contact holes/via holes 56-1, 56-2.
[0038] Referring to FIG. 4A and FIG. 4B, an inorganic
layer 58-1 and an organic planarization layer 58-2 are
sequentially formed on the entire surface of the sub-
strate, as a passivation layer 58, to cover the source/
drain electrodes 57-1, 57-2. A blanket etching process
is then performed to the organic planarization layer 58-2
until the top of the inorganic layer 58-1 is exposed.
[0039] The blanket etching process may be per-
formed such that etch selectivity of the inorganic layer
58-1 to the organic planarization layer 58-2 is within a
range of about 0.3 to about 3.0, and preferably, within a
range of about 0.5 to about 2.0.
[0040] Preferably, the blanket etching process is a dry
etching process. The dry etching process may be a
physical dry etching process, such as ion beam etching
and RF sputtering etching; a chemical dry etching proc-
ess; or a physical-chemical dry etching process, such

as plasma etching, reactive ion etching, reactive sput-
tering etching, reactive ion beam etching, electron in-
duced chemical dry etching and photon induced chem-
ical dry etching. Since a desired etch shape may not be
obtained from a wet etching process, the dry etching
process is preferred.
[0041] FIG. 5, which shows a planarized inorganic
layer 58-1 after a blanket etching process, also shows
that the inorganic layer 58-1 is formed on one of the
source/drain electrodes, and the organic planarization
layer 58-2 exists on both sides of the inorganic layer
58-1.
[0042] A silicon nitride layer or a silicon oxide layer
may be used to form the inorganic layer 58-1. This inor-
ganic layer 58-1 serves as a barrier that may prevent
diffusion of external moisture or impurities, and also as
a passivation layer protecting the source/drain elec-
trodes 57-1,57-2.
[0043] A photosensitive organic polymer or an etch
type organic compound may be used to form the organic
planarization layer 58-2. The photosensitive organic
polymer may be polyacrylate resin, epoxy resin, phenol
resin, polyamide resin, polyimide resin, unsaturated pol-
yester resin, polyphenylenether resin, polyphenyle-
nesulfide resin, or benzocyclobutene (BCB). Benzocy-
clobutene (BCB) is commonly used as an organic
planarization layer because it has a flatness of at least
95%, a small absorption rate and a good adhesion, and
a transmissivity of at least 90%.
[0044] Referring to FIG. 4C and FIG. 4D, and FIG. 4E,
the photoresist pattern PR is formed on the organic layer
58-2, and then a contact hole or a via hole 59 is formed
by etching an area selected to comprise the inorganic
layer 58-1,using the photoresist pattern as a mask.
Therefore, a source/drain electrode 57-2 may be elec-
trically coupled with a pixel electrode 60 through the
contact hole or via hole 59, to finish a thin film transistor
according to an exemplary embodiment of the present
invention.
[0045] As described above, the contact hole or via
hole 59 coupling the pixel electrode with the source/
drain electrode 57-2 is etched using one mask, rather
than two, per the prior art.
[0046] The etching process for forming the contact
hole or via hole 59 may be a wet etching process or a
dry etching process, but preferably, a dry etching proc-
ess. Various methods including ion beam etching, RF
sputtering etching, and reactive ion beam etching RIE
may be used as a dry etching process.
[0047] The inorganic layer 58-1, planarized by the
blanket etching process, directly contacts the pixel elec-
trode 60. For the inorganic layer 58-1, the adhesion with
a pixel electrode made of a metal material may be ex-
cellent, which may prevent delamination of the pixel
electrode 60 caused by poor adhesion between the pas-
sivation layer 58 and the pixel electrode 60.
[0048] More specifically, the planarized inorganic lay-
er 58-1 of an exemplary embodiment of the present in-
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ventionmay prevent delamination or cracking of the or-
ganic planarization layer 58-2 and the pixel electrode 60
due to the poor adhesion between the organic organi-
zation layer 58-2 and the pixel electrode 60. Conse-
quently, penetration of moisture and impurities may be
prevented, thereby increasing a lifespan of a thin film
transistor and an AM organic EL display using the same.
[0049] Also, a single etching process may be used in-
stead of two to form the contact hole or via hole 59,
thereby simplifying the manufacturing process.
[0050] Further, the aforementioned thin film transistor
may be appropriately introduced into an AM organic EL
display.
[0051] A an thin film transistor may be manufactured
comprising a semiconductor layer 51 having source/
drain areas 54-1, 54-2, a gate electrode 53, and source/
drain electrodes 57-1, 57-2, and further comprising a
contact hole or a via hole 59 for coupling the pixel elec-
trode 60 with the source/drain electrode 57-2 through a
series of semiconductor processes according to an ex-
emplary embodiment of the present invention.
[0052] The passivation layer 58 having the contact
hole or via hole 59 may be formed of the inorganic layer
58-1 on the entire surface of the substrate 50.
[0053] The pixel electrode 60 is then formed on the
passivation layer 58 and electrically coupled with one of
the source/drain electrodes 57-1, 57-2 through the con-
tact hole or via hole 59.
[0054] An insulating layer for planarization 61, having
an opening 62 exposing the pixel electrode 60, is then
formed on the passivation layer 58 and an edge portion
of the pixel electrode 60.
[0055] Next, although not shown, an organic layer
may be formed on the pixel electrode 60 at the opening
62, and an upper electrode may be formed on the insu-
lating layer that comprises the organic layer. Once en-
capsulated, an AM organic EL display is manufactured.
[0056] As described above and shown in FIG. 3, the
thin film transistor (TFT) may be a top-gate structure
TFT. However, the TFT may also be a bottom-gate struc-
ture TFT.
[0057] As described above, according to a method of
manufacturing a thin film transistor according to an ex-
emplary embodiment of the present invention, the con-
tact hole or via hole electrically coupling the pixel elec-
trode with a source/drain electrode is formed using one
mask, thereby simplifying the overall process.
[0058] Further, in the present invention, the inorganic
layer with the exposed upper portion is formed, and the
exposed portion directly contacts with the pixel elec-
trode, thereby improving the adhesion between the pas-
sivation layer and the pixel electrode.
[0059] Further, the passivation layer includes a
planarized inorganic layer, which may protects the
source/drain electrodes from external impurities and
moisture, thereby increasing the thin film transistor's
lifespan.
[0060] It will be apparent to those skilled in the art that

various modifications and variation can be made in the
present invention without departing from the spirit or
scope of the invention. Thus, it is intended that the
present invention cover the modifications and variations
of this invention provided they come within the scope of
the appended claims and their equivalents.

Claims

1. A thin film transistor comprising:

a semiconductor layer formed on a substrate;
a gate insulating layer formed on the substrate
having the semiconductor layer;
a gate electrode formed on the gate insulating
layer over the semiconductor layer;
source/drain areas formed in the semiconduc-
tor layer of both sides of the gate;
an interlayer insulating layer formed on an en-
tire surface of the substrate and having a con-
tact hole/via hole that exposes source/drain
electrodes;
the source/drain electrodes formed on the in-
terlayer insulating layer and contacting with the
source/drain areas through the contact hole/via
hole; and
a passivation layer formed between a pixel
electrode and the interlayer insulating layer
wherein a top of the inorganic layer is exposed
on the entire surface of the substrate to directly
contact with the pixel electrode, and an organic
planarization layer is located on some of the in-
organic layer area that does not contact with
the pixel electrode.

2. The thin film transistor according to claim 1, where-
in, in the inorganic layer deposited on the source/
drain electrodes in a uniform thickness and formed
on a substrate in an unevenness form, the organic
planarization layer is formed at a hollowed area of
the unevenness.

3. The thin film transistor according to claim 1, wherein
the inorganic layer includes at least one of a silicon
nitride layer and a silicon oxide layer.

4. The thin film transistor according to claims 1, where-
in the organic planarization layer is selected from a
group consisting of polyacrylate resin, epoxy resin,
phenol resin, polyamide resin, polyimide resin, un-
saturated polyester resin, polyphenylenether resin,
polyphenylenesulfide resin, and benzocyclobutene
(BCB).

5. The thin film transistor according to claim 1, wherein
the thin film transistor is a top-gate structure or a
bottom-gate structure.
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6. The thin film transistor according to claim 1, wherein
the thin film transistor is a driving transistor in a unit
pixel of the organic electroluminescence display.

7. The thin film transistor according to claim 1, wherein
the pixel electrode is formed on the substrate and
the source/drain areas and is contacting with the
source/drain electrodes; the passivation layer has
a contact hole or a via hole that exposes one of the
source/drain electrodes and the thin film transistor
comprises a planarization layer formed on the entire
surface of the substrate and having an opening
where the pixel electrode is exposed.

8. The thin film transistor according to claim 7, where-
in, in the inorganic layer deposited on the source/
drain electrodes in a uniform thickness and formed
on a substrate in an unevenness form, the organic
planarization layer is formed at a hollowed area of
the unevenness.

9. The thin film transistor according to claim 7, wherein
the inorganic layer includes at least one of a silicon
nitride layer and a silicon oxide layer.

10. The thin film transistor according to claim 7, wherein
the organic planarization layer is selected from a
group consisting of polyacrylate resin, epoxy resin,
phenol resin, polyamide resin, polyimide resin, un-
saturated polyester resin, polyphenylenether resin,
polyphenylenesulfide resin, and benzocyclobutene
(BCB).

11. The thin film transistor according to claim 7, wherein
the contact hole or via hole that connects the pixel
electrode with one of the source/drain electrodes
does not have a step.

12. A method of manufacturing a thin film transistor,
comprising:

forming a semiconductor layer on a substrate;
forming a gate insulating layer on the substrate
having the semiconductor layer;
forming a gate on the gate insulating layer on
the semiconductor layer;
ion-implanting impurities into the semiconduc-
tor layer to form source/drain areas in the sem-
iconductor layer of both sides of the gate;
forming an interlayer insulating layer on the en-
tire surface of the substrate;
etching a selected area of the interlayer insu-
lating layer to form a contact hole/via hole that
exposes the source/drain areas;
forming source/drain electrodes that contact
with the source/drain areas through the contact
hole/via hole formed on the interlayer insulating
layer;

sequentially forming an inorganic layer and an
organic planarization layer as a passivation lay-
er on the entire surface of the substrate;
blanket etching the organic planarization layer
to expose a top of the inorganic layer; and
etching a selected area of the inorganic layer
to form a contact hole or a via hole that exposes
one of the source/drain electrodes.

13. The method according to claim 12, wherein the
blanket etching process is performed until the top
of the inorganic layer is exposed.

14. The method according to claim 13, wherein the
blanket etching process is performed such that etch
selectivity of the inorganic layer to the organic
planarization layer is within a range of about 0.3 to
3.0.

15. The method according to claim 13, wherein the
blanket etching process is performed such that etch
selectivity of the inorganic layer to the organic
planarization layer is within a range of about 0.5 to
2.0.

16. The method according to claim 13, wherein the
blanket etching process is a dry etching process.

17. The method according to claim 16, wherein the dry
etching process is selected from a group consisting
of a physical dry etching process such as ion beam
etching and RF sputtering etching; a chemical dry
etching process; and a physical-chemical dry etch-
ing process such as plasma etching, reactive ion
etching, reactive sputtering etching, reactive ion
beam etching, electron induced chemical dry etch-
ing and photon induced chemical dry etching.

18. A method of planarizing a thin film transistor, com-
prising:

arranging a thin film transistor having a semi-
conductor layer, a gate, source/drain areas and
source/drain electrodes;
forming an inorganic layer and an organic
planarization layer on an entire surface of a
substrate to cover the source/drain electrodes;
and
blanket etching the organic planarization layer
until a top of the inorganic layer is exposed.

19. The method according to claim 18, wherein the
blanket etching process is performed such that etch
selectivity of the inorganic layer to the organic
planarization layer is within a range of about 0.3 to
3.0.

20. The method according to claim 18, wherein the
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blanket etching process is performed such that etch
selectivity of the inorganic layer to the organic
planarization layer is within a range of about 0.5 to
2.0.

21. The method according to claim 18, wherein the
blanket etching process is a dry etching process.

22. The method according to claim 21, wherein the dry
etching process is selected from a group consisting
of a physical dry etching process such as ion beam
etching and RF sputtering etching; a chemical dry
etching process; and a physical-chemical dry etch-
ing process such as plasma etching, reactive ion
etching, reactive sputtering etching, reactive ion
beam etching, electron induced chemical dry etch-
ing and photon induced chemical dry etching.
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